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@&@j#&ral-Motor Carrier Safety Administration (formerly the Office of Motor Carriers, 
#$?&%J H&ijhway Administration) sponsored a study to gather and analyze data on v’ +@*:‘-‘-~ 
&mmerc%&motqr vehicle (CMV) driver rest and recovery cycles, effects of partial sleep &gw~~ *,-- **.-T.’ 

r -‘ -’ -‘“r!& :and prediction of subsequent performance. The work was carried out in 
@E#%$&sn with the Federal Railroad Administration, and Federal Aviation 
~~~~~~~~ion; by the Walter Reed Army Institute of Research at the General Clinical 
K$@rticb~Center/Johns Hopkins Bayview Medical Center. The study began in July 1994 

Jg&&& &mpreted in May **oo. 
$$&;~3~yib~~ : / _ 

&$&&$2of this tech brief summarize the study final report, Effects of Sleep 
~~~~&+u? Cog-fmerciai Motor Vehicle Driver Performance (Report DOT-MC-00-l 33). 
i”~~‘~~~~~-will.be-available from the National Technical Information Service. ;i”;,,:i~~~~i*.~~,~: i i q%~;“i;.~;&:g ;,..‘;.b:,i”. _ - 

~~~~~~~~~~~~~i;tech brief describes the study background, purpose, and the methodology 
~~~~~~~r~~~~~~~~~~ the field portion of the study. Part 2 describes the methodology and 
~~~~~~$drolrithe Iaboratory portion of the study as well as the overall results, applica- 
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: tie”& for-additional research. 
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@$$~he~current U.S. Federal Hours of Service (HOS) regulations, CMV drivers are 
~~~~~:~~dto;a;rnaxirnurn of 10 hours of -driving, and/or 15 hours on-duty time, after 
$$&&utivehours pff-duty; and a maximum of 60 hours on-duty time over 7 3”” $:“: i *. .:I. 
$@$i..$ve+rys-or a maximum of 70’hours over 8 consecutive days for those who 
~Tjrer@te;7 da-&per week. However, the HOS regulations do not necessarily prevent “,:L.:%.-? ; --. 

rt&.ep debt and sleepiness-related performance deficits in CMV operators. 
l@$$bec&se: (8 under the regulations driving may occur in the early morning hours; 
;b&&~eguiations do-not prohibit backward-rotating or highly irregular work/rest 
&&&K&$~:~~$d (c) a minimum off-duty period of 8 hours may not be long enough to 
~~~~~~~~~~~~at~ sleep, since drivers would also be expected to eat, shower, and take 1 . -1.. _/ >-- 

&$t:i~.k~nown that sleep debt impairs performance on a variety of tasks, 
$d$vln&-elated measures, the relationship between hours of sleep and 

n~j$&‘formance during wakefulness has never been adequately quantified. 
&$wweH-controlled studies have investigated the effects of restricted sleer 
t$p@co.nsecutive days. The lack of such studies is particularly problematic 
t$$kely that sleep restriction, i.e., inadequate daily sleep, rather than 

‘~~~~~~~~,de~r~~etion /;-“*+e pi, ‘, -.“?~. (the complete absence of sleep), accounts for most daytime _ 
I othe ‘r 0ccuJ matrons. cers ir 



fferent amounts of nightly time in bed on 
~)- 

- subsequent performance (on psychomotor tasks and 
“poses in simulated driving), were measured. Results were used 

to optimize the parameters of the Walter Reed Sleep .,<. _I .- “‘ ..’ .__i!_ Performance Model. The model, along with a sleep 
@+k&leep cycles of scoring algorithm, has been integrated into the 
ont&lled, naturalistic, current version of the Sleep Watch Actigraph, a wrist 

worn device for management of sleep and 
performance in operational environments. 

‘tvolvlrly 

tn. allowed Field Study: Assessment of the 
ours) on Sleep of CMV Drivers over 
physiological 20 Consecutive Days 

Subjects 
Subjects were 50 CfvlV drivers (men and women), 
aged 21-65, holding a valid commercial driver’s 
license. Twenty-five drivers, all male, maintained 
driving schedules which enabled them to return 
home at the end of most work periods to sleep 
(“short-haul”) drivers. The other 25 drivers, 24 men 
and 1 woman, maintained schedules that did not 
always allow them to return home at the end of 
work periods to sleep (“long haul drivers”). 

-3,) 1 ,C” _, : -f. ,, 
nprised of a 
a.field ~study- 
aphy was 
&I by 

&er&x$tg~and 
&oratory study, 
@$; t&e effects of 

Measures 
Wrist actigraphy was used to objectively measure the 
timing and duration of sleep periods over a 20-day 
period. Drivers also completed sleep logs to gather 
subjective information on sleep times, sleep latency, 
arousals during sleep, alertness upon awakening, 
napping (number and duration), and self-reported 
caffeine, alcohol and medication use (see Figure 1). 

Sample actigraph records with corresponding Driver’s Record of Duty Status (RODS): 
inconsistency between actigraph and RODS. 



Figure 2. 
Frequency distribution of total sleep times per 24-hour period (summed across all p 

duty statuses), short-haul drivers. 

I 

Short Haul Drivers 

0 2 4 6 8 IO 12 14 16 18 20 22 24 

Hours total sleep per 24-hour period 

I Frequency distribution of total sleep timerper 24-hour period (summed across all possible 
*;*pz “* 22; .z 

duty statuses), long-haul drivers. I 
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Figure 3. 
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Data Analysis 
Data from each actigraph were downloaded to a 
personal computer and scored for daily sleep periods 
by visual inspection of the actigraph records. For each 
24-hour period, total sleep within that period was 
identified and categorized as either: off-duty sleep, 
i.e., sleep obtained during the primary, or longest 

off-duty period during the 24-hour da?; 
taken at other times. Sleep taken at &I 
included sleep taken during breaks- bet$reeno& , _ :+s;~;c;&&~~. 
periods during the work shift. The anioirnt,al-iiJ;~!~!.~~~~~ 
of daily sleep were calculated for each gr~uP~~~‘-l::~~~~~~~ 
drivers, and the correlations bet9veen d$y &ez 
off-duty time were determined. :i ?;-“:j- ‘,I-‘:-. ” .?~~~~;‘~~#fJ 
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weraged’approximately 7.5 hours of sleep per night, 
!e,:Figures 2 and 3.) Time off-duty was positively 
lr both groups. The short-haul drivers were more 
ep into a single period. Long-haul drivers obtained 
;ing work-shift hours, mainly sleeper-berth time. This 
nificant portion of the work shift in a state of partial 
p~ortunity to obtain recovery sleep presents itself. 

~reither group that guaranteed adequate sleep. For 
ileep during a 20-hour off-duty period. Likewise, 
1 sleep-time were evident for drivers in both groups, 
)attern suggesting chronic sleep restriction with 
coveiy sleep. The findings suggest that, although 
A to help minimize commercial driver sleep debt, 
ertness and‘performance will require additional 

E, M.,.R&dmond, D., Wesensten, N., Williams, J., Hall S., 
lercial Motor Vehicle Driver Performance. 


